INTRODUCTION
The existence of longitudinal asymmetry in the geomagnetic disturbance field at low and midlatitudes during magnetic storms has been well established [Sugiura and Chapman, 1960; Akasofu and Chapman, 1964] . The asymmetric disturbance is superposed upon a symmetric field depression attributed to the existence of a symmetric ring current. Magnetic measurements on board spacecraft and on the ground indicate that an asymmetric development of the ring current occurs during the main phase of a geomagnetic storm with the greatest magnetic perturbation occurring in the dusk and evening region [Langel and Cain, 1968; Cabill, 1966 Cabill, , 1970 Cabill, , 1973 Coleman and Cummings, 1968; Cummings et at, 1968; Fukushima, 1972] . During the recovery of the storm, the asymmetric portion of the disturbance decays rapidly and a symmetric magnetic depression remains which decays on the time scale of several days. A longitudinally limited partial ring current with field aligned closure through the auroral ionosphere has been suggested to explain the asymmetric portion of the distur- The ring current is generally thought to be produced by the charge dependent drift of trapped energetic plasma in the inher magnetosphere. The first direct observation of the low energy proton distribution thought to be primarily responsible for the ting current was reported by Frank [1967] . Direct observations of asymmetric enhancements of the proton energy density near dusk during storm development have been reported by Frank [1970] and by Smith and Hoffman [1973] .
In this report, we examine the development of the partial ring current and its relationship to various magnetospheric Davis and Parthasarathy [1967] suggested that ring current development was a direct result of substorm expansions. This speculation was based on an analysis of hourly average values of AE and Dst which indicated that flag current enhancements were burst-like and followed substorms by an hour or more. This conclusion was criticized by Rostoker [1972] . Akasofu and Meng [1968] considered 20 substorms which produced negative bays at auroral latitudes and positive bays at midlatitudes. Each negative bay in the auroral zone was assodated with a field decrease at midlatitudes near dusk and was interpreted as a ring current enhancement produced by the substorm. [ 1971] using equatorial observations of charged particles measured by the geostationary satellite ATS 5 reported intrusions of hot plasma which occurred with a one-to-one correspondence to magnetospheric substorms. They speculated that substorm processes inject a d'mcrete 'plasma cloud' into the ring current region. The suggestion was made by Bogott and Mozer [1973] that substorm associated proton bursts are injected into the night side magnetosphere and form the partial ring current.
DeForest and Mcllwain
On the other hand, Burton et al. [1975] developed an empirical relationship between solar wind parameters and ring current development without regard for substorm activity. Measurements of the solar wind dynamic pressure and interplanetary electric field (IEF) were used to predict Dst very accurately for several storm time periods. Kamide [1974] showed that growth o,f the DR or ring current field on the earth's surface is more closely related to time variations of the north-south component of the interplanetary magnetic field (IMF) than to the AL index.
That presubstorm convection enhances the ring current was ring current enhancement to substorm activity and to the interplanetary electric field, we have examined isolated substorms using high time resolution (2.5 min) data from ground magnetic observatories and we have used•parameters which are sensitive to enhancements of the partial ring current. In the following sections we will discCuss the analysis techniques and some examples which illustrate the techniques. This will be followed by the results of a statistical investigation.
2• EXPERIMENTAL PROCEDURE

Description •
The magnetic signatures of the symmetric and partial ring currents are best observed by using a chain of midlatitude ground magnetic observatories. Data from such a world-wide chain of observatories can be used to display the spatial and temporal development of these large scale current systems [Troshichev and Feldstein, 1972; Clauer and McPherron, 1978] . The data processing and display techniques used in this paper are similar to those discussed by Clauer and McPherron [1974] . Several improvements to the analysis techniques and a thorough error analysis are discussed by Clauer et at. [1980] .
In the first step of the analysis, the average quiet magnetic field which includes the diurnal, seasonal and secular variations is subtracted from the measurements at each observatory in our longitudinal chain shown in Table 1 These examples suggest that substorm expansions may play a role in the development of the partial ring current. For example, on January 24, a 20 ¾ dusk depression in the midlatitude field is associated with the 1140 UT substorm expansion which occurred while E, was positive. However, the enhancement of the magnetosphere's electrostatic field which results from a sustained enhancement of the solar wind duskward emf applied across the magnetosphere also appears to produce a considerable effect. This is demonstrated by the partial ring current disturbance on February 11 during a period of sustained duskward E, as constrasted with the small partial ring current disturbances associated with the greater substorm activity on January 23 and 24.
A final example which suggests that development of the partial ring current can precede the onset of a major negative bay in the auroral zone or positive bay at mid-latitudes will be shown. There is an indication that the substorm expansion plays an additional role in the development of the partial ring current since the rate of field depression near dusk increases at the onset of the substorm.
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Although the above examples indicate that substorm processes can affect the development of the partial ring current, they also suggest that an enhancement of the duskward IEF may have greater influence on partial ring current development. They suggest that a much stronger partial ring current will develop in the presence of a sustained enhancement of the duskward IEF than will develop in response to substorm activity associated with only brief enhancement of the duskward IEF. In addition, the partial ring current can begin growth in the absence of substorm activity but following an enhancement of the duskward IEF. In the following section we will present the results of a statistical investigation of these relationships.
STATISTICAL RESULTS
In the following, two types of relationships were investigated-magnitude relationships and temporal relationships. The method of selecting events for the analysis is shown in Figure 8 . Substorms were required to be well defined and isolated; however, multiple onset events were included as single events. Using these criteria, events were selected to fill two classes defined by the magnitude of the partial ring current disturbance (PRC). events with large (PRC > 25 ¾) partial ring current disturbances in order to reduce the ambiguity in determining the onset time of the disturbance. Figure 13 shows the histogram obtained by plotting the delay time between the auroral zone negative bay and the onset of the midlatitude field depression near dusk. Again the histogram is created using 15 rain bins. In this case also, the results indicate that the onset of the partial ring current is as likely to occur prior to the onset of the auroral zone negative bay as it is to occur after. Figure 14 shows the results when we examine the time delay between the closest associated southward turning of the IMF and the onset of the partial ring current for the same events examined in Figure 13 . This demonstrates that the onset of large partial ring currents are consistently preceded by a southward turning of the IMF. The peak of the distribution is located at about At = 30 min and the mean At is 49 min.
DISCUSSION AND CONCLUSIONS
In the preceding section we investigated the development of the partial ring current and its relation to individual substorm expansions and to interplanetary plasma conditions. The resuits indicate that the partial ring current is likely to begin growth before a substorm onset and that the magnitude of the partial ring current does not correlate well with the size of the associated substorm activity. A good correlation, however, exists between the time integral of the dawn to dusk directed IEF and the magnitude of the partial ring current. In addition, all of the large magnetic field depressions near dusk (PRC > 25 ¾) were preceded by enhancements of the dawn to dusk IEF.
These results do not suggest that substorms do not affect the partial ring current. In fact, the rate of magnetic field decrease at dusk frequently increases at the onset of a substorm expansion. The results of this study, however, do suggest that an enhancement of the electrostatic field within the magnetosphere plays a direct role in the formation of the partial ring current. A similar conclusion has been reported by Blanc [1978] . . This work is particularly interesting and important because it demonstrates using simulation techniques that enhancement of the partial ring current results from an enhancement of externally (solar wind) driven convection rather than substorm processes. In fact, the substorm simulated in their work has virtually no influence on the development of the partial ring current.
